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FOREWORD 


i  -r. 


(U)  Thin  is  a  quarterly  technical  report  submitted  under  C.O.  07119  in 
compliance  with  Contract  AP'04(t>l 1 )-l 1407.  The  research  reported 
herein,  which  cover?  the  period  1  April  through  June  1967 >  wa? 
sponsored  by  the  Air  Force  Kocket  Propulsion  Laboratory,  Research 
and  Technology  Division,  Air  Force  Systems  Command,  United  States 
Air  Force,  Edwards,  California,  with  Mr.  G.  Allen  Beale  acting  an 
the  Air  Force  Project  Officer. 

(U)  This  program  was  conducted  in  the  Chemical  and  Material  Sciences 

Department  of  the  Hocketdyne  Research  Division,  w.th  Dr.  E.  F.  C.  Cain 
serving  as  Program  Manager  and  Mr.  M.  T.  Constantine  serving  as  the 
Responsible  Project  Scientist.  Technical  personnel  who  have  contri¬ 
buted  to  this  effort  include  K.  J.  Youel  (.Phases  I  and  III), 

Dr.  J.  F.  Hon  (Phase  II),  Dr.  W.  Unterberg  (Phase  ll),  Dr.  S.  E. 
Rodriguez  (Phase  II),  J.  V.  Lecce  (Phase  II),  R.  W.  Melvold 
(Phase  ll),  J.  ()uaglino  (Phase  II),  and  M.  M.  Williams  (Phase  III). 

(U)  This  report  has  been  assigned  the  Hocketdyne  identification  number 
R-603H-4. 

(U)  Publication  of  this  report  does  not  constitute  Air  Force  approval 
of  the  report's  findings  or  conclusions.  It  is  published  only  for 
the  exchange  and  stimulation  of  ideas. 


W.  H.  EBEI&E,  Colonel.  U5AF 
Chief,  Propellant  Division 
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INTRODUCTION 


(U)  Under  Contract  AF04(t>l  l)-l054b,  Rocketdyne  completed  a  12-month 
analytical  and  experimental  program  (Uef.  1}  on  the  rational  and 
systematic  physical  characterization  of  se  lei  ted  liquid  rocket  pro¬ 
pellants.  The  overall  objective  of  this  program,  which  was  conceived 
as  an  initial  step  toward  elimination  of  propellant  data  gaps,  was 
to  assemble  and  experimentally  complete  the  data  on  essential  physical 
properties  of  current  and  near-term  liquid  rocket  propellants  over 
temperature  and  pressure  ranges  of  practical  use  to  propulsion 
engineering.  During  this  program,  experimental  efforts  resulted 
in  measurement  of:  (l)  chlorine  trifluoride  (l’lF_)  phase  properties 
(including  critical  temperature);  (2)  IRFNA  und  chlorine  pentaf luoride 
(C1F_)  sonic  velocities  (and  calculation  of  compressibi 1 ities) ; 

(1)  C 1  Fj  and  CH^N,(H_  specific  heats  (and  correction  of  previously 
determined  CIF,.  specific  heat  data);  (4)  thermal  conductivities  of 
the  50  N.,H4  -  50  (UH3)„N„H,,  fuel  blend  anf  and  (5)  the 

design  and  preliminary  assembly  of  apparatuses  for  measurement  of 
inert-gas  solubility  in  liquids  and  liquid  viscosities  at  extended 
temperatures  and  pressures.  Analytical  efforts,  initiated  with  an 
extensive  literature  survey,  included  the  assembly  and  eveluation 
of  physical  property  data  on  MHF-1,  MHF-3,  MHF-5,  CIF^,  and  CIF,-  for 
future  correlation  and  summary  publication. 

(U)  The  present  three-phase  program,  being  conducted  under  Contract 
AFQ4(61l)-l 1407,  represents  a  24-month  extension  and  expansion  of 
the  objectives  of  the  previous  effort.  Phase  1  effort  consists  of 
a  continuous  review  of  the  current  literature  to  document  reported 
propellant  properties.  In  Phase  II,  effort  is  directed  at  the 
experimental  determination  of  unavailable  engineering  data,  for 
selected  oxidizers  and  fuels,  which  ure  required  to  design  rocket 
engine  hardware.  Effort  under  Phase  III  includes  the  compilation, 
correlation,  and  evaluation  of  all  data  obtained  from  Phaees  I  and 
II  and  presentation  of  the  valid  data  in  an  annual  technical  report. 
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(I)  Analytical  and  experimental  research  conducted  during  the  fifth  quarter 
year  of  a  current  24-month  program  to  complete  the  data  on  essential 
physical  properties  of  current  and  near-term  liquid  propel hints  of 
interest  to  the  Air  Force  is  described  in  three  phases. 

(U)  In  Phase  1,  a  continuous  survey  of  the  current  propellant  literature 
has  resulted  in  the  preliminary  screening  of  2279  reports  acquired  and 
cataloged  by  Kocketdyne  during  this  period;  118  of  these  reports  were 
reviewed  in  detail  for  pertinent  engineering  properties  data  on  liquid 
prope 1 lants . 

(U)  The  experimental  characterization  of  essential  physical  properties  of 
selected  propellants  was  conducted  under  Piuise  11.  During  tue  current 
report  period,  these  efforts  were  directed  at  measurements  of  L'lF^ 
phase  properties  in  the  critical  region,  sonic  velocity  in  CIF,.  and 
CIF^  under  pressurized  conditions,  gaseous  nitrogen  solubility  in 
C1F_,  CIF^  and  M11F-3  specific  heat,  MHF-5  thermal  conductivity,  and 

CIF-  viscosity. 

5 

(U)  A  constant-volume  vapor  pressure  apparatus  was  used  to  extend  the 

available  experimental  data  on  CIF^  phase  properties  into  the  critical 
range.  As  a  result  of  the  current  measurements,  the  vapor  pressure  of 
CIF^  from  2b  to  149  C  (77  to  299  F)  was  correlated  with  the  following 
equations: 


log  P 


(psia) 


5.9929  - 

V) 


and 


l0*  P(atm) 


4.8257  - 

T(K) 
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These  dat  -i  .(  prey  i  o.;n  Iv  determined  t  r  i  t  i  (  (i  (  r  r®pr  i  f  m  <> 
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M*’  ii  »u  t  firi'  ii  f  ,•*  of  xonir  m'Iih  i  tv  in  liquid  t'!F„  and  CIV  were  t  oud'u  ted 

> 

under  total  preaaurea  (with  go neon  a  nitrogen)  of  loo,  800,  and  1  f  If  Ilf  pen*, 
flieae  dot.*,  '•hn  It  mi-  presently  being  completed  and  i  nrri'littwl  ,  «iili- 
atnntiate  the  norma  1  1  y  predicted  behavior  of  Mine  vel«*ity  m 
prennnr i ?ed  liquid?  (  i  .  e  .  ,  increase  with  an  m<  re  ape  in  pressure  )  . 


(0  l  ’  h  i  iik  an  improved  e.\  pe  ;•  iment  a  I  teihnique,  measurement  a  of  tin*  eon* 

nitrogen  solubility  m  liquid  C  I  F_  were  redetermined .  The  reuniting 
ho  hltM  1  l  f  i  ea  ot  1.81  x  10  *,  2.21  x  10  and  2 .  tiO  x  10  1  lb  N,  „  lb 
('lF.-psi  at  00,  120 ,  and  110  F,  reaper t l ve  1  y ,  were  approx i ma t e 1\ 

21  percent  lower  than  (hone  previously  me, inured  at  00  and  120  F. 
These  measurements  are  tie  i  tig  extended  to  higher  temperature  and 
preHHiire  level?. 


(l)  file  specific  heat  of  f  IF.  was  redetermined  hi  mi  adiabatic  calorimeter 
over  a  temperature  range  of  1.4  to  17-1  <■  (41.7  to  111  F)  to  resolve 
d  i  h(  rep.tne  i  e  a  in  previously  reported  data.  Theae  data  were  correlated 
with  the  other  experimental  data  over  a  temperature  range  of  -70  to 
17  1  (-14  to  111  F)  and  ilirve  fit  with  the  following  equations: 


ra,.,i  «.-■.)  --  -17 '  1,1  'cm 


8.428  x  10  v  1° 


and 


Cs(B,u  1  h-H )  °-M’73  -  *  10"  \li) 


2.141  x  10-*!  “  -  1.181  x  10_t>r^H^ 
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CONFIDENTIAL 


This  apparatus, vi  th  a  new  ,  calibrated  sample  (  liumher,  ik  (nciti'nl  Ij 
being  used  to  detemnne  the  Hpenfic  heat  of 


(C)  Thermal  rondui  t.ivity  measuremen  I  s  were  romp  It*  ted  on  HHF-3  over  a 
temperature  range  of  0.5  to  20  1.0  F.  A  curve  1 1 1  of  the  data  re¬ 
sulted  in  the  following  equation: 


‘(Btu/hr-f t-F) 


0.  188  -  7. VI  *  10 


V)  ■  *  l,r“'(t/ 


(U)  Previously  initiated  saturated  liquid  CIF»  viscosity  measurements  were 
extended  to  71.  100,  and  124  F.  The  resulting  data,  0.121,  0.281,  and 
0.2>2  centipoises,  respectively  (and  other  data  determined  earlier  in 
the  program),  lorm  a  plausible  continuation  of  previously  correlated 
low-temperature  f IF-  viscosity  data.  Measurements  are  being  continued 
at  temperatures  above  200  F. 


(U)  As  u  result  of  the  Phase  111  review  and  evaluation  of  the  data  generated 
under  Phases  I  and  11,  efforts  are  continuing  on  the  assemhly  of  engi¬ 
neering  property  bibl iographies  and  physical  property  data  sheets  on 
N,,0^  and  MMH.  Unpublished  data  on  the  normal  boiling  point  (-11.7  C 
or  7-1  F)  of  C 1  Ft- ,  and  (‘IF.  st :>rah  1  1  i ty  in  121  stainless  steel  and 
in  mild  steel  for  periods  of  II  months  and  10.5  months,  respectively, 
have  been  evaluated  and  presented.  Experimental  data  on  the  heat 
capacity  of  solid  CIF^  have  been  curve  fit  with  the  following  equations: 


Cp(c„l/,.-K)  "  -’•W  *  *  “'V,  -  ‘i  "7  *  ‘"'’’(M 


1.47  X  I0-7T(k)’  -  2.57  X  lo“IUTu>'* 


and 


Cp(Bu.,  Ib-H)  ‘  »  1U"a  '  '•*>  *  *  '»•%«, 


2'5-  11  -  -•"5  *  '"'"V 
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RESULTS  AM)  ACCOMPLISWffiNTS 


(U)  A  f orai)  1  survey  of  current  propellant  literature,  initiated  under 
Contract  AFl)4(bl  l)-  1054b  (Kef.  l),  is  being  continued  as  Phase  I  of 
the  present  prograa.  This  survey,  which  includes  the  location, 
acquisition,  and  docuaentation  of  all  available  propellant  properties 
data  of  interest  to  the  Air  Force,  was  originally  directed  at  a  compre¬ 
hensive  review  of  physical  properties  data.  However,  under  the  present 
contract,  the  survey  has  been  expanded  to  additional  engineering 
properties  data. 

(U)  This  survey  is  being  maintained  through  two  primary  techniques.  The 
main  portion  of  the  effort  is  directed  at  the  survey  of  all  reports 
acquired  by  Hocketdyne;  these  include  reports  obtained  as  a  result 
of  individual  personnel  requests  as  well  as  those  acquired  through 
normal  distribution  channels.  Each  of  these  reports  is  surveyed  with 
respect  to  subject  matter,  and  reports  containing  potential  propellant 
proper t les  data  are  selected  for  detailed  review.  All  pertinent  data 
contained  in  these  reports  are  documented  for  assembly  under  Phase  Ill. 

(U)  To  aid  in  the  complete  awareness  of  all  available  propellant  properties 
data  and  their  subsequent  acquisition  and  documentation,  this  report 
survey  effort  is  supplemented  by  a  continuous  survey  of  the  current 
releases  of  Chemical  Abstracts.  NASA  CSTAK  Abstracts.  CP1A  Chemical 
Propulsion  Abstracts.  Defense  Documentation  Center  (DDC)  Technical 
Abstract  Bulletin  (TAB),  NBS  Cryogenic  Data  Center  Current  Awareness 
Service ,  and  propellant  manufacturers'  bulletins.  Any  pertinent 
reports  located  through  these  sources  that  have  not  been  acquired 
previously  by  Hocketdyne  are  ordered  and  reviewed  in  detail  on  their 
acqu 1 s i t i on . 

(U)  During  the  current  report  period,  reports  were  surveyed;  of  this 

total  118  reports  sere  reviewed  in  detail  for  propellant  properties 
data.  The  pertinent  data  abstracted  from  these  reports  are  being 
compiled  and  evaluated  under  Phase  111. 
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ORIMi  !\  1 

( l  )  Phase  I  I  i  s  tii'  s  i  ti  ni’d  fur  i  tie  \  |>c  )•  inn  ii )  .» I  <  ii.i :  u- 1  <■  t  i  /  1 1  i  mi  i>  f  r  -  *  c  n  i  i  i 
pllV  S  )  l  .1  1  |ll  ll|!!'ll  ir«  (it  selected  liquid  propc  !  1  .III  t  s  .  fill  -  jift .  i  :-  «•  1'ri'l'll- 
t  i  a  I  1  \  constitutes  <i  'J  •» -rtimi  t  li  i  mil  iii'Ml  inn  of  i  hi'  effort-  i  ii  i  t  i  ,i  i  i'd 
u  mic :  Pb.i-e  !l  of  Contract  AFO'»(b  I  I  )  -  In  (lief.  I).  Si'Iim  t|nn  of  the 
prop*'  1  1  an  t  x  .Hid  proper!  les  to  lie  t  li.irit'  ter  t/iil  expe  r  i  aii'ii*  ,i  I  I  \  is 
reliited  to  t  lie  unavu  i  I  o It  l  t  i  t  v  of  required  data  amt  relative  importance 
of  tiie  ddtii  to  the  Air  Force.  Initial  efforts.-  have  emphasized  tin* 
completion  of  those  propellant  properties  i n -ommended  for  initial 
characterization  under  the  previous  program.  Additional  efforts  ai  • 
continuing  in  an  order  related  to  the  importance  of  I  tie  data  to  the 
Air  Force  as  determined  by  the  Air  Fori e  Project  Engineer. 

(I ')  The  selected  properties  are  be  i  ng  determined  over  the  liipiidus  tempera¬ 
ture  range  and  over  a  pressure  range  of  Vi.~t  to  1000  psi,  where  practical. 
Changes  to  tiie  selected  list  can  be  made  at  any  time  during  the  program 
through  mutual  agreement  of  Hoc  ketdyne  and  the  Air  Force  (.'untrue  t  mg 
Officer.  Standard  test  methods  are  being  used  when  available.  Unique 
or  new  test  methods  to  be  used  must  be  approved  by  the  Air  force 
Contracting  Officer. 

RESULTS  AND  ACCOMPLISHMENTS 

(U)  Phase  II  efforts  during  the  current  period  were  directed  at: 

1.  Extension  of  CIF^  phase  property  data  into  the  critical  region 

2.  Experimental  characterization  of  sonic  velocity  of  C1F_  and 
CIF^  at  pressures  above  saturation 
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3.  Continuation  of  N.,  .  solubility  measurements  in  C1F_ 

2(g)  5 

4.  Improvement  of  prev  i  ous  )y  measured  ClF^  and  HHF-}  specific 
lie ci t  data 

j .  Completion  of  M11F-5  thermal  conductivity  measurements 
0.  Extension  of  the  C1F,  viscosity  measurements 

5 

The  efforts  conducted  under  each  of  these  tasks  are  described  in  tl.e 
following  paragraphs. 


Phase  Property  Measurements 


(I  )  t.'urrent  phase  property  measurements  hove  been  designed  for  the  reliable 
extension  of  the  available  experimental  data  on  C1F_  into  the  critical 
tunge.  Previous  efforts  (Kef.  2)  in  this  program  had  expanded  and 
correlated  available  density  data  (Kef.  1  und  3)  on  saturated  liquid 
CIF^  over  a  temperature  range  of  -22  C  (-8  F)  to  161  C  (322  F) .  Vapor 
pressure  measurements  (Kef.  2)  on  ClF-j  had  been  conducted  over  a 
temperature  runge  of  42.9  C  (109  F)  to  147.6  C  (298  F)  to  increase 
the  reliability  of  previously  available  (Kef.  1  and  4)  vapor  pressure 
data  in  the  high- temperature  region.  In  addition,  a  critical  tempera¬ 
ture  of  179.6  ±0.5  C  (355-3  F)  had  been  measured  (using  the  liquid- 
vapor  meniscus  disappearance  technique)  und  reported  (Kef.  l)„ 

(li)  The  present  extension  of  phase  property  measurements  into  the  critical 
region  is  accomplished  through  the  experimental  determination  of 
pressure-temperature  relationships  of  known  quantities  of  CIF^  using 
a  constant-volume  vapor  pressure  apparatus  (which  has  been  described 
previously  in  Kef.  2).  To  ensure  attainment  of  reliable  data,  a  0-  to 
1000-psiu  runge  pressure  transducer  used  with  the  apparatus  was 
calibrated  with  a  Heine  gage  at  temperatures  und  pressures  over 
the  intended  ranges  of  use.  Because  the  calibration  results  showed 
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dial  tin-  UMiiMifuc i>r  output  hi."  s  i  gn  i  f  i  ran  <  i  v  sensitive  t<>  tempi-  ra  tore 
changes,  <i  second-order  futu  non  van  icquiied  m  both  tin*  output  voltage 
ami  input  temperature  terms  during  data  t>-d.n  (inn.  A  cutvc  fit  of  the 
calibration  data  with  an  appropriate  equal  ion  wan  obtained  using  a 
1  e;i  s  t- squ.i  re  s  computer  program. 

(I)  The  technique  lined  in  the  present  me  ami  rente  nt  n  in  identical  to  that 

previously  used  in  the  measurement  of  f  JF_  critical  properties  (fief.  a). 
In  this  technique  t  tie  vapor  pressure  apparatus  is  loaded  with  vurtous 
known  quantities  of  the  liquid.  As  the  temperature  of  each  liquid 
sample  is  increased  in  increments  (through  regulated  external  heating 
of  the’  apparatus  hi  a  Fisher  Isotemp  oven),  the  pressure  of  the  sample 
is  recorded  (after  the  sample  has  reached  t lierm.il.  equilibrium).  This 
pressure  represents  the  vapor  pressure  of  the  sample  as  long  as  both 
the  liquid  and  vapor  phases  of  the  sample  are  still  present.  The 
temperature  (discontinuity  temperature)  at  which  a  change  in  slope 
is  observed  from  the  vapor  pressure  curve  (as  noted  in  a  plot  of  log 
pressure  vs  reciprocal  absolute  temperature)  marks  the  transition  of 
the  sample  from  a  liquid-vapor  system  to  a  single-phase  system  through 
complete  vaporization  or  liquid  expansion.  The  critical  point  can  be 
determined  from  these  data  by  location  of  the  maximum  discontinuity 
temperature  in  a  plot  of  the  temperatures  of  discontinuity  (for  the 
various  sample  sizes)  vs  the  sample  size,  or  the  specific  volume  or 
density  of  the  sample  at  the  transition. 

([.)  The  discontinuity  temperature  plot  will  provide  the  temperature, 
specific  volume,  and  density  of  CIF^  at  the  critical  point.  The 
vapor  pressure  measurements  required  to  establish  this  plot  will 
establish  a  vapor  pressure  curve  for  this  region  from  which  the 
critical  pressure  can  be  calculated  (at  the  critical  temperature). 

In  addition,  the  measurements  will  proviue  saturated  liquid  or 
vapor  densities  ut  each  of  the  transition  temperatures. 
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(U)  Chlorine  Til  fluoride  Vapor  Pressure.  During  the  current  report,  two 
senes  of  pressure-temperature  measurements  (earh  using  a  different, 
known  amount  of  propellant-grade  CIF^)  were  completed.  The  vapor 
pressure  data  resulting  from  these  measurements  are  given  iu  Table  1 
os  runs  2  and  5.  In  addition,  previously  reported  vapor  pressure  data 
(Ref.  2)  have  been  corrected  on  the  basis  of  new  instrument  calibration 
data  and  are  reported  in  Tuble  1  os  run  1.  These  preliminary  data  were 
curve  fit  from  25.65  to  148.58  C  (78.17  to  299.44  F)  with  the 
following  equations: 


and 


log  P 


(psia) 


5.9929 


mu. 

V) 


(i) 


log  P 


(atm) 


=  4.8257  - 

t(k) 


(6)  Chlorine  Trifluoride  Critical  Properties.  Additional  pressure- 

temperature  data  obtained  during  the  above  vapor  pressure  measurements 
have  been  used  to  establish  three  temperatures  of  discontinuity  from 
Eq.  1.  Although  measurements  are  being  continued  on  several  more 
sample  sizes  to  establish  reliable  CIF^  critical  property  and  high- 
temperature  vapor  pressure  data,  an  estimation  of  CIF^  critical 
properties  has  been  made  from  the  above  datu.  Using  the  previously 
determined  (Ref.  l)  critica  1  temperature  of  179.6  ±0.5  C  (355.5  F), 
the  extension  of  the  above  vapor  pressure  equation  would  result  in 
a  calculated  critical  pressure  of  961  pBiu  (65.4  atm).  Extrapolation 
of  the  reported  (Ref.  2)  density  data  and  the  presently  available 
temperature  of  discontinuity  values  to  the  above  critical  temperature 
results  in  a  CIF^  critical  density  of  0.88  gm/cc  (54.9  lb/cu  ft)  and 
a  specific  volume  of  1.14  cc/gm  (0.018  cu  ft/lb). 


M 


i 
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tabu;  i 


Sonic  Velocity  (and  Compre saibi lity)  Measurements 


(U)  Determinations  of  sonic  velocity  and  adiabatic  compressibility  of  liquid 
propellants  are  being  conducted  with  the  apparatus  described  in  detail 
in  Kef.  2.  With  this  apparatus  the  velocity  of  sound  in  a  liquid  is 
obtained  experimentally  by  measuring  the  time  required  for  an  acoustic 
wave  to  travel  a  known  distance  in  the  test  liquid.  Using  the  resulting 
sonic  velocity  data  and  the  liquid  density,  the  adiabatic  compressibility 
of  the  liquid  is  calculated  from  the  relationship: 


where 

=' adiabatic  compressibility  of  the  liquid 
a  =  density  of  the  liquid 
c  =  velocity  of  sound  in  the  liquid 

(U)  During  previous  sonic  velocity  measurements  (Ref.  2)  in  CIF^  and  (JIF^ 
at  saturated  liquid  conditions  and  under  total  pressurization  (with 
gaseous  nitrogen)  of  500  and  1000  psia,  anomalies  were  noted  in  the 
lata  resulting  from  the  pressurized  liquid  measurements.  Normally, 
the  velocity  of  sound  in  a  liquid  at  constant  temperature  has  been 
found  to  increase  with  increasing  pressure.  In  addition,  the  change 
in  slope  of  a  sonic  ve loci ty-t.  mperature  plot  is  relatively  equiva¬ 
lent  for  various  isobars  over  the  same  temperature  range.  However, 
the  data  obtained  at  the  500-  and  1000-psia  levels  for  both  C1F.  and 
CIF^  indicated  that  at  the  lower  temperatures  investigated,  the 
velocity  of  sound  was  decreased  as  the  pressure  was  increased  and 
that  these  conditions  were  reversed  as  temperature  was  increased. 


(l)  S  i  n>.  e  (In-  sou  i  r  vi'  Iih  1 1  o'?  in  both  OIF.  mill  <.lf^  were  reliably 

e s  t  al>  I  is  In'tl  for  (In'  saturated  lti|iiiii  rnml  i  I  i  huh  (Ref.  2),  if  was 
postulated  fh.il  tin-  behavior  under  tin-  |n  I'HHiir  i  '  •  il  <  ond  i  t  i  mis  won 
on  off  i‘ i  t  of  pressman!  ihih  solubility  in  tin'  liquid.  fo  evaluate 
this  In  po  t  In’  h  i  h  .mil  correctly  ilo  i  n  m  i  m*  hhiiii  vi'lm  itn*i<  in  •  ompre  used 
liquids  (ill  tin'  absence  of  ho  ill  effects),  tin'  r  v  pc  r  i  mill  to  I  te<  tin  ique 
vo  s  altered.  In  tins  moil  i  f  no  t  ion ,  tin1  liquid  sample  in  t  In-  experi¬ 
mental  opporotiis  vo  s  thcrmosta ted  of  n  selet  toil  temperature  oml 
pif  s  so  r  i  /  oil  to  flio  desired  total  pressure  level  with  gaseous  ni¬ 
trogen,  After  the  nnmeiliote  tie  termi  na  1 1  on  of  aonn  veloiitv,  the 
sample  vo  h  depressurized,  the  nitrogen  removed  (through  use  of  on 
expansion  and  i old-trap  proeess),  and  the  teihnique  was  repealed 
lit  a  nev  temperature  end,  or  pressure  level. 

(U)  Sonn  Ve  1  or  i  t  \  in  1  him  me  Fen  t  a  f  1  nor  ide  .  Ah  a  result  of  the  effort 
to  demonstrate  ac-'l  rednee  the  effect  of  the  dissolved  pressurant  gas, 
sonic  velocity  measurements  were  repeated  in  (IK.  under  pressur i zed 
londitions  of  )()(),  800,  and  11)00  psia  using  the  modified  procedure. 

The  data  from  these  measurements,  which  are  compared  m  Table  2  with 
the  data  previously  established  (lief.  2)  tor  the  saturated  liquid, 
substantiate  the  hypothesis  of  the  previous  effeit.  (Ref.  2)  of  the 
pressurant  gas  and  demonstrate  the  expo:  ted  behavior  in  the  ahsetire 
of  such  an  effect.  These  data  are  presently  being  curve  fit  for 
graphical  representation  in  the  next  quarterly  technical  report. 

(t)  Sonic  Veloiity  in  Chlorine  Ti  i f  luoi ide .  Sonn  velocity  measurements 
were  also  repeated  (using  the  technique  modification)  i u  I  If.  under 
total  pressurizations  of  TOO ,  800,  and  1000  psia.  The  data  from 
initial  measurements  at  -14.12  C  (ti.t)  F)  and  4.4)  <  (4o.O  F)  are 
shown  in  Table  2  with  the  previously  established  (Ref.  saturated 
liquid  data.  After  additional  measurements  are  conducted  at  higher 
temperatures,  the  data  will  be  evaluated  and  lurve  fit. 
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TABLE  2 


VELOCITY  OF  SOUND  IN  LIVL’ID 
CHLOK1NE  PENT  AF'LUOK  IDE  AND  CHLOK1NE  TH1  FIX’ OH  IDE 


Temperature 

Pressure , 

Sonic  Velocity 

Liquid 

C 

F 

pain 

■/eec 

f  t/  see 

cif5 

-14.78 

5.4 

Saturation 

742.0 

2434.4 

500 

755.8 

2479.7 

800 

7b5.6 

25II.8 

1000 

770.9 

2529.2 

2  42 

30.4 

Saturation 

077.4 

2222.4 

500 

091.1 

2267.4 

800 

700.0 

2298.5 

1000 

707.1 

2319.9 

23.50 

74.3 

Saturation 

598.7 

1904.2 

500 

Olb.  1 

2021.3 

45-88 

112.8 

Saturation 

515.7 

lb91 .9 

500 

535.0 

1755.2 

1000 

558.4 

1832.0 

69.20 

1 3o .  o 

500 

449.0 

1473.1 

C 1  K_ 

> 

-14.  12 

0.0 

Saturat ion 

991-9 

3254.3 

500 

1002.0 

3289.4 

800 

1010.0 

3313.6 

1000 

1013.5 

3325.1 

4.43 

40.0 

Saturation 

923.1 

3028.5 

300 

3062.7 

800 

mBM 

1000 

BSSjln 

6 


ID 


J  in'  r  t  tins  S<>  I  ul)  i  !  i  f_v  My  d  su  feme  n  t  s 

Measurement  s  of  inert -g-  solubility  in  liquid  prope  f  l.iri.t  e  .up  be  j  ng 
conducted  in  an  a  ppm  aiu*  wtn  >  h  Imp  been  |»r  «■  v  1  0*1  *»  I  \  deirih**d  m  dp  (.mi  I 
(Ref.  I,-’).  In  tin  e  .1  ppa  in  tun,  (he  inert  g<i»  id  nit  rod  in  ed  from  a 
vo  lume  ~i  a  1 1  bra  t  ed  gas  reservoir  into  a  vy  I  uer-r  a  1 1  lira  ted  test  tank, 
or  propellant  fell,  which  contains  a  known  quantity  of  propellant. 

The  volume  of  the  gas  absorbed  at  a  known  temperature  and  after 
agitation  is  calculated  from  pressure  changes  that  occur  in  the 
sy stem.  These  pressure  *  hatiyes  are  monitored  hy  two  precision  dif¬ 
ferential  pressure  transducers.  The  entire  apparatus,  in<  hiding  both 
the  prope  l  lant  cell  and  the  gas  reservoir,  is  mounted  within  a  tfier- 
mostate-t  enclosure,  which  maintains  a  desired  temperature  dunny  a 
solubility  determination.  The  tempera ture-eond i t l oni ng  et»f Insure  is 
supported  upon  a  rocking  platform  which  is  used  to  agitate  the  test 
solution  in  the  propellant  cell  to  attain  equilibrium  < ond 1 1 1  oils . 

(l:)  In  these  determinations,  the  experimentally  derived  quantity  is  a 

differential  solubility  (the  gas  dissolved  per  unit  mass  of  propellant 
and  per  unit  pressure  increase)  measured  at  a  particular  temperature 
and  pressure.  This  quantity  can  readily  be  integrated  to  give  total 
(absolute)  solubility. 

(U)  Previous  use  of  this  apparatus  in  this  program  resulted  in  preliminary 
determinations  of  nitrogen  gas  solubility  in  C1F,,  at  ‘>0  and  120  F 
(Hef.  2).  During  these  original  measurements,  the  solubility  estimate 
was  based  on  the  establishment  of  two  successive  pressure  equilibria 
in  the  propellant  cell:  ( l)  after  introduction  of  the  gas  into  the 
ullage  of  the  propellant  cell  (but  before  appreciable  solution  could 
occur),and  (2)  after  agitation  of  the  cell  contents  to  induce  solution 
equilibrium.  However,  this  approach  has  proved  impractical  with  the 
present  apparatus  because  presumably,  the  gas  input  causes  propellant 
vapor  condensation,  and  slow  diffusion-controlled  re-evaporation  leads 
to  false,  unrelated  equilibria  at  both  stages  of  the  process  (Ref.  2). 


(1)  lo  a  void  this  mi  *  mterpre  t  .it  ion  of  the  «•  x  p»» » 1  non  In  I  result*,  present 
solubility  measurements  die  being  conducted  with  a  vari.it  l  on  of  the 
original  experimental  proiedtire.  In  this  modified  procedure,  the  two 
has  1 1  steps  (  pressur  i /a  I  i  on  of  the  ullage  without  so  lilt  i  on,  and  pres- 
sum/. it  inn  of  the  (i'll  with  solution)  are  evaluated  .  ndependent  ly , 

Lai h  ol  these  two  pressure  responses  is  determined  fro®  a  separate 
sequent  e  of  ((as  inpus  (without  and  with  cell  agitation,  respectively), 
whiih  deliberately  set  up  a  reprodue i b le  vapor-gas,  pseudo  equilibrium 
in  tile  ullage  for  earli  sequent  e .  The  eventual  consistency  of  pressure 
responses  for  earli  sequence  during  subsequent  experimentation  substan¬ 
tiates  the  assumptions  made. 

(I  )  Nil  r<>go  n  t<a«  Solubility  iii  Chlorine  lVntaf  luoride.  During  the  current, 
repot i  period,  measurements  of  gaseous  nitrogen  solubility  in  OIF.  were 
roruhirteil  at  00,  120,  and  150  F  through  the  use  of  the  newly  modified 
let  lilt  i  quo .  These  data  (Table  3)  tire  believed  reliable  within  5  or  4 
pel  lent  (contingent  upon  additional  experieme  with  the  technique 
being  utilized).  The  values  shown  for  measurements  at  '>('  and  120  F 
are  significantly  lower  (by  ~  23  percent)  than  the  values  previously 
reported  (Kef.  11);  however,  the  new  data  are  preferred  due  to  the 
previous  experimental  difficulties  and  the  subsequent  problem  of 
data  interpretation. 


TABLE  1 

NITROGEN  GAS  SOLUBILITY  IN  CHL0K1NL  1’LNTAFLUORIDL 


Tempe rat  ure , 

F 

cif5 

Vapor  Pressure , 
psia 

Total  Pressure, 
ps  i  a 

Solubi li ty , 
lb  N2/lb  ClF^-psi 

90 

?2 

320  to  470 

1.83  x  10"5 

120 

115 

580  to  020 

2.25  x  10-5 

150 

170 

740  to  780 

2.60  x  10~5 

.8 


(U)  Although  the  recent  data  obtained  ore  apparently  reliable,  additional 
experience  in  the  wee  of  the  new  technique  could  indicate  defect*  in 
this  approach  as  well.  In  any  case,  the  technique  is  extreme  ly 
laborious  and,  therefore,  somewhat  imprai 1 1 < a  I  in  providing  data  for 
a  large  number  of  propellants.  Thus,  to  n<  comp  1 1 *h  the  overall  objet - 
tive  of  this  effort,  improvements  may  be  sought  through  further 
modifications  of  the  apparatus.  Presently,  nitrogen  gas  solubility 
determinations  are  being  conducted  in  ClFr  at  higher  temperatures  and 
at.  different  pressure  levelc;  the  latter  determinations  should  indicate 
any  significant,  deviations  from  constant  solubility  (Henry's  Law) 
behav i or , 

Snecifi<  Heat  Measurements 

(l.)  Experimental  determinations  of  liquid  propellant  specific  heats  are 
being  conducted  in  a  calorimeter  previously  developed  and  described 
under  Contract  AFM(6I  l)-95t>3  (Ref.  5)  and  further  described  and 
utilized  under  Contract  AFM(6!  1)- lOVib  (Ref.  l)  and  in  the  present 
program  (Ref.  2).  During  the  current  report  period,  efforts  under 
the  specific  heat  measurement,  task  were  directed  at:  (l)  investigation 
and  correction  of  the  poor  precision  and  apparently  anomalous  results 
of  preliminary  specific  heat  measurements  on  the  MHF-3  fuel  blend,  and 
(2)  resolution  of  the  discrepancy  in  previously  reported  CIF^  specific 
heat  values. 

(U)  An  explanation  was  sought  for  the  large  scatter  (up  to  5  percent)  in 

the  MHF-3  specific  heat  data  reported  in  Ref.  2.  The  sample  container 
employed  in  the  initial  HEF’-l  measurements  was  recalibrated  empty  under 
carefully  controlled  conditions  at  0  C.  Since  the  results  indicated 
that  the  system  was  extremely  sensitive  to  small  temperature  gradients, 
an  electrically  heated  adiabatic  shield  has  been  installed  in  place  of 
the  glass  dewar  (described  in  Ref.  2)  which  had  been  used  to  minimize 
temperature  gradients  in  the  calorimeter.  Also,  the  sample  container 
was  suspended  in  the  center  of  the  heat  shield  by  cotton  thread 
attached  to  the  heat  shield  lid. 


(ll)  In  this  modification,  a  differential  thermocouple  is  used  to  monitor 
and  nullifii  the  tempo ruture  difference  between  tlie  shield  and  the 
sample  container.  Electrical  interaction  between  the  differential 
thermocouple  circuit  and  the  sample  thermocouple  is  prevented  by 
insertion  of  a  thin  piece  of  lens  paper  between  the  differential 
thermocouple  junctions  and  the  walls  they  contact.  The  signal  from 
this  thermocouple  is  fed  into  a  d-c  microvolt  amplifier  and  then  to 
a  recorder  and  a  current  control  unit  (which  continuously  feeds  the 
nec  essary  power  into  the  shield  by  means  of  u  si  1  i con-control  led 
rectifier  power  supply  unit).  The  controller  is  set  to  regulate 
the  shield  temperature  at  some  small  temperature  increment  above 
that  of  the  sample  container  to  compensate  for  heat  Losses  through 
the  container  leads  ( o  the  heat  sink  (which  is  provided  by  the  con¬ 
trol  led-temperature  bath  in  which  the  apparatus  is  immersed).  The 
K-^  potentiometers,  used  to  determine  the  energy  supplied  to  the 
heaters  and  the  sample  container  thermocouple  output,  have  been 
provided  with  new  Kppley  stands' d  cells,  and  the  b-volt  batteries 
used  to  heat  the  sample  container  have  been  replaced  with  a  constant- 
current  power  source. 

(U)  During  calibrations  of  a  sample  contr.iner  for  MHF-3,  it  was  necessary 
to  employ  two  calorimeter  bath  media  (dry  ice-methanol  and  ice  wuter) 
as  const  ant -tempera  lure  heat  sinks  t.o  sjian  the  desired  temperature 
range.  However,  smu 1 1  leaks  in  the  calorimeter  O-ring  seal,  which 
occurred  while  the  calorimeter  wus  immersed  in  the  dry  ice-methanol 
bath,  has  led  to  replacement  of  the  O-ring  with  a  specialty  fabricated 
Teflon  gasket.  This  replacement  has  sustained  a  good  vacuum 
(~  10  ^  mb  Hg)  at  low  temperatures. 

(U)  Specific  Heat  of  Saturated  Liquid  Chlorine  Trifluoride.  Because  of 
continuing  requirements  for  accurate  CIF^  specific  heat  data  over 
extended  temperiture  ranges,  a  decision  wus  made  to  resolve  the 
existing  discrepancy  previously  reported  (Ref.  l)  in  the  data  from 
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two  different  experimenters  (Bef.  1  and  4).  For  this  purpose,  a  new 
sample  container  waa  fabricated  of  copper  with  a  re-entrant  well  and 
four  fine  were  brazed  (with  silver  solder)  lengthwise  to  the  outer 
wall.  The  bottoa  plate  was  constructed  of  stainless  steel  to  restrict 
thermal  conduction  from  the  outer  wall  across  the  bottoa  to  the  re¬ 
entrant  well.  The  heater  winding  of  No.  30  BAS -gage  constantan  wire 
was  noninductively  wound  on  the  sample  container  and  coated  with  GE 
varnish  No.  7031.  While  the  varnish  was  still  tacky,  an  outer  sheet 
of  copper  foil  was  attached. 

(l!)  The  new  sample  container  (with  a  volume  of~59  <  c)  was  calibrated  in 

the  adiabatic  calorimeter  from  3.5  to  5b. 3  C  (3H.3  to  133.3  F) .  During 
this  calibration,  in  which  the  heat  capacity  contribution  of  the  sample 
container  was  determined,  the  container  was  loaded  with  ~U.U3  atm 
helium  gas  (negligible  heat  capacity  contribution)  for  thermal  equi¬ 
libration.  The  deviation  of  the  15  individual  data  values  from  the 
correlated  fit  of  the  data  was  quite  small  (<0.5  percent). 


(U)  After  passivation  of  the  sample  container,  97-57  gracs  of  propellant- 
grade  CIF^  was  condensed  into  the  sample  container  from  a  vacuum  line; 
the  fill  line  was  crimped  and  sealed  with  soft  solder.  The  specific 
heat  of  this  saturated  liquid  sample  was  measured  over  a  temperature 
range  of  5.4  to  57-3  C  (41.7  to  135  F).  The  resulting  data,  which 
are  listed  in  Table  4  with  the  chemical  analysis  of  the  CIF^  sample, 
indicate  excellent  agreement  with  the  extension  of  the  saturated 
liquid  CIF^  specific  heat  data  reported  in  Ref.  4  (from  the  melting 
point  to  the  normal  boiling  point).  As  a  result,  the  two  sets  of 
data  were  curve  fit  from  -70  to  57  C  (-34  to  135  F)  with  the  following 
equations: 

'.(dM  * 0-4716  -  *'217 1  ‘“'’V)  * 


8.428  x  10"6T^2  -  9.453  x  10"9T^3 
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TAB  Li;  4 


EXPERIMENTAL  SPECIFIC  HEAT  OF 
SATURATED  LIQUID  CHLORINE  TRIFLL'OKIDE* 


Temperature 

Specific  Heat, 
cal/gm-C 

C 

F 

5.38 

mm 

0.306 

6.29 

WSM 

0.309 

8.72 

mm 

0.301 

9.09 

48.36 

0.305 

11.14 

52.05 

0.306 

14.36 

57.85 

0.306 

17.17 

62.91 

0.307 

19.63 

67.33 

0.304 

20.05 

68.09 

0.307 

22.20 

71.96 

0.312 

24.76 

76.57 

0.30? 

24.98 

76.96 

0.306 

26.55 

79.79 

0.311 

27.62 

81.72 

0.310 

28.49 

83.28 

0.311 

31.0? 

87.93 

0.312 

31.50 

88.70 

34.67 

94.41 

0.313 

38. 19 

100.74 

0.312 

42.04 

107.67 

0.316 

45.85 

114.53 

0.316 

49.68 

121.42 

0.317 

53.49 

128.28 

0.317 

57.30 

135.14 

0.317 

•Sample  Composition: 


CIF^,  w/o  99.0 

FC1Q2/C102,  w/o  0.88 
HF,  w/o  0.11 

C1F  trace 
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and 


C,(B<u  Ib-R)  "  '  »•“*  »  1CI'V)  - 

2.541  x  10_t>T^H^’  -  1.581  x  W"9Tw3 

A  graphical  representation  of  these  data  are  shown  in  Fig.  1  with  the 
heat  capacity  of  solid  CIF^  (noted  as  a  result  of  Phase  III  efforts). 


§  Pe  £  i  f .  i_c  He  at _ of  MI1F-3 .  Because  the  CIF^  specific  heat  measurements 

provided  an  additional  indication  that  the  adiabatic  calorimeter  was 
functioning  properly,  specific  heat  measurements  were  continued  on  the 
MHF-3  fuel  blend  (uominal  composition:  86  w/o  CH^^H^-14  w/o 
A  new  sample  container,  similar  in  construction  to  the  one  used  for 
CIF^,  was  fabricated  and  leak-checked  in  preparation  for  its  use  with 
MHF-y  and  other  similar  fuel  blends.  Calibration  heat  capacity’ 
measurements  were  completed  successfully  with  this  sample  container 
(loaded  with  ~  0.05  atm  He)  inserted  in  the  calorimeter.  Values 
obtained  from  two  separate  calibration  runs,  which  were  necessitated 
by  the  replacement  of  an  0-ring  in  the  apparatus  with  a  Teflon  gasket, 
resulted  in  a  linear  heat  capacity-temperature  curve  from  -50.1  to 
61.6  (-58.2  to  142.9  F);  the  average  point  deviation  from  the  smoothed 
curve  was  ±0.5  percent. 

(U)  The  sample  container  was  loaded  (under  nitrogen  in  a  glove  bag)  with 
58.43  grams  of  MHF-3  fuel  blend.  After  the  filling  tube  of  the  sample 
container  was  crimped  and  brazed  with  silver  solder,  the  calorimeter 
was  reassembled;  specific  heat  measurements  on  MHF-3  are  continuing. 
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SPECIFIC  HEAT,  col  /cm- 


Figure  1.  Specific  Heat  of  Solid  and  Saturated 
Liquid  Chlorine  Trifluoride 
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Thcrma  !  C undue 1 1 x  1 1  j  Measurement s 

Tin- rinii  1  conductivity  measurements  of  liquid  propellants  are  being 
conducted  through  the  use  of  a  steady-state,  concentric-cylinder 
conductivity  cell  described  previously  in  Ref.  1  and  2.  With  this 
apparatus  the  test  liquid  is  contained  in  a  very  thin,  annular  passage 
between  two  aluminum  alloy  cylinders.  An  electrical  resistance  heater, 
located  at  the  center  of  the  inner  cylinder,  supplies  the  heat  energy 
to  establish  a  temperature  gradient  across  the  liquid  layer.  Copper 
constantan  thermocouples,  embedded  in  cylinders  close  to  the  surfaces 
of  the  test  fluid  cavity,  are  used  to  measure  the  temperature  gradient. 
A  regulated  d-c  power  supply  is  employed  for  the  cell  heater  power. 


Thermal  Conductivity  of  MHF-5.  During  the  current  report  period, 
thermal  conductivity  measurements  were  completed  on  the  MHF-5  fuel 
blend  (nominal  composition:  33  w  o  CH^N,,H^-2t>  w/o  N.jH^-19  w/o  N^H^NO^). 
Earlier  in  the  program  (Ref.  2),  an  initial  series  of  measurements  was 
made  on  one  sample  (A)  of  the  fuel  blend  at  approximately  30  F  intervals 
over  a  temperature  range  of  0.3  to  201.0  F.  To  increase  the  reliability 
of  these  initial  data,  a  series  of  measurements  was  made  on  a  second 
sample  (B)  of  the  propel  taut  over  approximately  the  same  temperature 
range.  The  results  from  both  series  of  measurements,  which  indicate 
good  agreement  with  each  other,  are  listed  in  Table  3. 

Two  unsuccessful  attempts  were  raude  to  obtain  MHF-5  thermal  conductivity 
data  at  temperatures  above  200  F.  With  sample  A  in  the  cell,  an  attempt 
was  made  to  obtain  data  al  230  F.  As  the  cell  was  being  heated  from  200 
to  2)0  F,  gas  evolution  was  observed  when  the  cell  temperature  reached 
approximately  225  F:  al  this  point  the  test  run  was  terminated.  A 
similar  situation  occurred  with  sample  B  in  the  thermal  conductivity 
cell.  After  data  were  obtained  at  200  F,  the  cell  was  allowed  to  re¬ 
main  at  this  temperature.  Approximately  2-1,2  hours  later,  some  gas 
evolution  was  observed  and  t lie  test  run  was  terminated. 
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TABLE  5 


EXPERIMENTAL  MHF-5  THERMAL  CONW CTIVITY  RITA 


Sample 

Tempo  future , 

F 

Thermal  Conductivity, 
Btu/hr-f  t-F 

A* 

0.5 

0 .  I8t> 

A 

0.5 

0.188 

B* 

0.5 

0.188 

B 

0.5 

0.  189 

A 

50.9 

0.185 

A 

50.8 

0.  185 

B 

50.8 

0.  18b 

B 

50.8 

0.184 

A 

100.  b 

0.  180 

A 

100  .  b 

0.  180 

8 

100.  b 

0.178 

B 

100.  b 

0.179 

A 

150.5 

0.175 

A 

150.5 

0717b  :: 

B 

150.  b 

0.175 

B 

150.  b 

0.17b 

A 

200.8 

0.172 

A 

201.0 

0.171 

B 

200  5 

0.  172 

B 

200.5 

o.  170 

•Sample  Composition: 


CHyyLj,  v/o 

54.9 

fyv  w/° 

25.4 

N2H4-11N03,  V/o 

18.9 

MLj,  w/o 

0.2 

HgO,  w/o 

O.b 
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t«  ;  I  lit*  tln-im.il  <  ••mlm  uvitv  data  were  curve  fit  from  0.3  to  201.0  F 
(Ftp.  -)  ■  The  equation  which  represent*  tin*  data  1 w 


4 ( Hi  11  hi  -  ft -F) 


0.  188  -  7 .91  *  HI  't^.j  -  2.9  * 


lo'\ 


(») 


(l)  Both  pi ope  1  lant  simples  (A  and  B)  vere  obtained  fro*  a  specific  batch 
of  |ir <>)>«•  1  lant  blended  for  the  thermal  conductivity  measurement*. 
Kesults  of  ihemicnl  analysis  of  the  fuel  blend  are  given  in  Table  5. 


Yisiositv  Measurements 


(I )  Viscositv  measurements  on  liquid  propellants  are  being  conducted  in  an 
apparatus,  shown  schematically  in  Fig.  3,  using  a  technique  previously 
described  in  Kef.  2.  In  this  apparatus,  the  viscosity  is  obtained  by 
observing  the  flowrate  through  the  the  capillary  tubing  and  the  corre¬ 
sponding  driving  fluid  head,  which  in  this  apparatus  is  a  simple 
gravitv  head  resulting  from  a  difference  in  The  elevation  of  the 
liquid  level  in  the  two  legs  of  the  U-tube.  The  reservoir  in  one 
ol  these  legs  is  a  section  of  0. 77-inch  tubing  which  contains  a 
magnetic  float  at  the  gas-liquid  interface.  The  position  of  this 
float  within  a  vertical  range  of  approximately  6  inches  is  sensed 
by  a  differential  transformer  unit  surrounding  the  tubing.  For  the 
other  leg  of  the  U-tube,  valves  B  and  C  provide  a  choice  between 
a  1-1/2-inch  and  3/H-inch  tubing  reservoir. 

(I)  The  viscometer  is  constructed  entirely  of  stainless-steel  tubing  and 

fittings  to  permit  testing  corrosive  liquids  at  pressures  up  to  1000  psi. 
The  capillary  tubing  is  0.023-inch  ID  und  approximately  26-1/2  inches 
long.  This  long,  large-bore  capillary  was  selected  in  an  attempt  to 
minimize  the  relative  importance  of  entrance  und  exit  friction  losses 
at  low  kinematic  viscosities,  which  may  approach  0.1  centistoke  for 
the  propellants  of  interest.  For  the  ease  of  flow  between  the 
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THERMAL  CONDUCTIVITY,  Btu/HR-FT-F 
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D 


Figure  3  .  Capillary  Viscometer  Schematic 


V4-»nch  float  reservoir  and  the  l-l/2-inch  reservoir,  this  ( spillary 
would  lead  to  experimental  flow  times  ranging  from  ainutea  to  houra 
in  the  viscosity  range  conteaplated .  To  increase  the  speed  of  the 
test  piocess  at  the  higher  viscosities,  the  option  of  the  3/8-incb 
reservoir  has  been  provided,  which  penal ts  setting  up  a  auch  larger 
differential  head  within  the  operating  range  of  the  transducer  and 
float.  In  addition,  this  option  peraits  testing  of  a  given  viscosity 
under  significantly  different  driving  heads,  flow  velocities,  and 
hence,  Reynolds  numbers,  for  the  capillary.  This  feature  could  perait 
estiaation  or  calibration  of  the  end  effects  at  low  viscosities.  It 
aay  be  possible  to  extend  the  applicability  of  the  viscoaeter  into  a 
range  where  end  effects  are  iaportant  through  a  technique  of  self¬ 
calibration  in  which  a  given  viscosity  is  measured  over  a  sufficiently 
wide  Reynolds  number  runge. 

(U)  Not  shown  in  the  figure  are  accessory  connections  and  valving  for 

loading,  venting  and/or  pressurizing  the  viscometer  with  inert  gas. 

The  overall  unit,  approximately  5  feet  tall,  is  housed  in  a  tenqierature- 
controlled  dry  box  equipped  with  heater,  circulation  fans,  thermocouples, 
pressure  transducer,  etc. 


(U)  Viscosity  of  Chlorine  Pentaf luoride  Viscosity  measurements  in  CIF^, 
which  were  initiated  previously  in  this  program  (Ref.  2),  have  been 
continued  at  75,  100,  and  124  F.  These  measurements  have  been  de¬ 
signed  to  extend  the  previously  reported  saturated  liquid  C1F,. 
viscosity  data  (Ref.  5  and  b)  to  higher  temperature  and  pressure 
ranges.  The  results  from  the  current  measurements  are  shown 
(with  these  obtained  earlier)  in  Table  6. 


TABUS  6 


EJU’EHIMENTAL  CHLORINE  PKNTAFLU0R1DE  VISCOSITY  BATA 


mgggm 

Kinematic 
Viscosity, 
centi stokes 

Absolute 
Viscosity, 
eentipoi ses 

F 

75 

24 

0.182 

I 

100 

38 

0.164 

124 

51 

0.151 

0.252 

■a 

b8 

0.134 

0.215 

Ea 

80 

0.121 

0. 185 

♦Data  obtained  earlier  in  the  program  (Hef.  2) 

(U)  Each  of  the  indicated  data  points  represents  at  least  three  measurements 
within  *1  F  and  1-percent  precision.  Density  data  for  the  reduction  of 
kinematic  viscosity  to  absolute  viscosity  was  taken  from  Kef.  5. 

Figure  4  compares  the  data  shown  in  the  table  with  a  correlation 
(Hef.  l)  of  viscosities  previously  obtained  at  lower  temperatures 
in  conventional  gloss  viscometers  (Kef.  5  and  b).  As  shown,  the 
new  higher-temperature  values  form  a  smooth  and  plausible  continu¬ 
ation  of  the  early  data  although  the  curve  fit  may  require  some 
modification.  An  extrapolation  of  the  curve  fit  of  the  lower- 
temperature  data,  through  the  temperature  range  of  the  present 
measurements,  is  indicated  by  the  dashed  line. 

(U)  The  viscometer  is  presently  being  readied  for  measurements  above  200  F 
to  provide  additional  high-temperature  data  on  CIF^  and  test  the 
low-viscosity  applicability  of  the  capillary. 
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Figure  Viscosity  of  Saturated  Liquid 
Chlorine  Pentaf luor ide 
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PHASE  III:  EVALUATION  AND  COMPILATION  OF  DATA 


OBJECTIVE 

(U)  During  tin-  entire  period  of  tlie  rontruc tun  1  program,  efforts  under 
Phase  111  are  direr  ted  toward  the  assembly  of  all  data  generated  by 
Phaeea  1  and  II,  verification  of  all  the  duta  sources,  critical 
comparison  of  conflicting  data,  and  tabulation  of  the  results.  The 
filial  selection  of  the  best  values  will  be  summarized  in  an  annual 
technical  report. 


RESULTS  AND  ACC0MPL1S1MENTS 

(U)  in  the  current  report  period,  Phase  III  effort  has  been  directed 

primarily  at  the  compilation  and  evaluation  of  physical  properties 
of  various  selected  propellants  from  the  references  located  in  the 
Phase  I  literature  survey.  The  remaining  effort  has  been  concentrated 
on  the  reduction,  evaluation,  and  correlation  of  all  data  generated  as 
a  result  of  the  Phase  II  experimental  efforts;  however,  to  maintain 
continuity  in  this  text,  these  results  cere  reported  under  the  perti¬ 
nent  Phase  II  headings.  In  addition,  unpublished  physical  and 
engineering  property  duta  on  propellants  (generated  as  a  result 
of  Hocketdyne  in-house  efforts)  which  are  related  to  the  overall 
objectives  of  this  program  ure  given  in  the  following  text. 


Nitrogen  Tetroxide  Property  Compilations 

(U)  Aa  a  result  of  the  comprehensive  search  of  the  propellant  properties 
literature,  all  pertinent  engineering  property  data  for  \,0/  is  being 
compiled,  evaluated,  and  correlated.  The  references  obtained  from 
this  search,  which  are  being  placed  on  indexed  punch  cards,  are  being 
used  to  prepare  on  engineering  properties  bibliography.  The  physical 
property  data  are  being  sunnarized  for  future  publication  under  this 
program. 
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Monomethyl hydrazine  Property  Compilations 


(f)  Compi lot i on*  of  an  engi nee ring  proportion  bibl i ogruphy  and  physical 
proportion  data  nliootn  for  HMH,  havo  boon  initiated. 


Normai  Boiling  Point  of  Chlorine  Pentaf luonde 

(U)  The  normal  boiling  point  of  CIF^  wan  experimentally  measured  (during 
a  Hocketdyne  in-lioueo  effort)  os  -13-7  C  (7-3  F).  These  measurements 
were  conducted  using  a  calibrated  copper  ronetantan  thermocouple  to 
indicate  the  equilibrium  temperature  when  the  equilibrium  vapor 
pressure  (as  determined  by  a  Heise  gage)  was  760  mm  Hg.  The  CIF^ 
sample  used  in  the  measurements  contained  fused  cesium  fluoride  at 
the  bottom  of  the  sample  to  complex  any  11F  impurity  and  thus  minimize 
the  contribution  of  the  more  volatile  impurity.  Chemical  analysis 
of  the  sample  indicated  an  assay  ">  99. b  w/o  C1F\.. 


Heat  Capacity  of  Chlorine  Tri fluoride  (Solid) 


(I*)  In  conjunction  with  the  evaluation  of  the  experimental  data  on  the 
specific  heat  of  saturated  liquid  CIF^  (as  noted  in  Phase  II),  the 
expor imentu 1  heat  capacity  data  on  solid  CIF^  were  also  evaluated. 

These  data,  which  were  determined  from  14.04  K  (-259.1-  C  or  -434.4  F) 
to  the  melting  point  by  the  same  experimentalists  (Hef.  4)  who  provided 
the  original  specific  heat  data  on  the  saturated  liquid,  were  curve  fit 
with  the  following  equations: 


t  ,  .  .  >  -  -3.49  X  It)'"  t  3.53  X  lo" V .. . 

Px  <’  >»  1  tfm-kj  (K/ 

-3.07  x  lO-7^^2  -  1.47  x  lO-7^^ 


-2.57  x  10 
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These  d.ita  are  also  presented  graphu  a  I  l\  hi  Fig.  I. 


Storabilit\  of  Chlorine  Pentaf luoride 


(C )  Storability  tests  on  C1F_,  which  were  completed  over  a  13-nwuith  p«  t iod 
under  Contract  AF04(bl  l)-9K>3  (Ref.  7).  were  extended  over  a  I  miser 
period  under  Rocket  dyne  funding.  In  the  program  conducted  under  the 
contract,  liquid  samples  of  C I  F_  were  stored  in  321  stainless  steel. 
bObl  aluminum,  Monel  400,  and  oxygen-free  copper  containers  (initial 
ullages  of  ~  21)  to  10  percent)  for  11  months  at  ambient  temperatures . 
In  addition  to  weekly  monitoring  of  container  pressures  and  ambient 
temperatures,  liquid  and  vapor  aamp’es  were  removed  from  each  con¬ 
tainer  and  chemically  analyzed  monthly.  The  results,  which  are  given 
in  detail  in  Ref.  7.  indicated  no  significant  changes  in  pressure  or 
composition  during  the  entire  storage  period. 

(C)  In  an  extension  of  these  tests  (initiated  on  12  November  1004),  the 
storage  period  of  the  121  stainless-steel  container  was  continued  to 
22  June  1967,  which  represented  31  months  of  storage  at  temperatures 
ranging  from  -~30  to  100  F.  The  final  chemical  analysis  of  the 
liquid  sample  from  this  container  wub  as  follows: 

CLF5,  w/o  99.4 

C1F.J,  w/o  0.3 

HF,  w/o  0.3 
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Ilu-  ,u!.t  I  \  *  i  '  iiiilnatcs  no  -  i  l'h  i  t  i  •  .ml  <  haitgc  from  t  In*  oigin.it 
ana  |  \  «■  i  »  "!  i  li(.  lt(|uirl  sample  wliiilt  iioit'il  in  Hi'f  .  7  as: 
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111.  v.  -■ 
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111  .  fc  o 


<l<t.  I 
<0.4 
<(!.'» 

<  (I  .<»“> 
0.4 


Min  -moll  it  1 1  It'ii' mi's!  reported  mi  Min  assats  and  in  (lie  noli'd  i  mpiir  i  t  ies 
Inti,  ecu  Min  im  analyse*  are  it  1 1  r  i  Im  1  all  I  c  In  mu  crt  a  i  ii(  ins  in  tlic  original 
ana  1  \  t  1 1  a  I  i  ci  Im  ique  and  subsequent  improvements. 


(f  )  in  add  it  ion  to  I  lit-  rcsulis  I  rum  (tie  cunt  rot  ]»'d  storage  ol  C1F„,  an 

I'Vii  luat  ion  was  lolidiii  ted  on  flic  storage  ol  CIF_  hi  a  typical  open-hoar  th 
steel  shipping  cylinder  (  1CC-3AA-400).  Mil  s  eva  luat  ion  was  made  on  a 
shipping  cylinder  that  tiad  been  loaded  with  133  pounds  of  (,'1F_  on 
IN  February  1  *><»(» .  shipped  to  Dahlgrcn,  Va .  .  where  03  pounds  were 
removed,  and  returned  to  Koelietdyne  with  43  pounds  of  CIK.  The 
results  of  chemical  analysis  of  t  lie  cylinder  contents  after  loading 
(Iti  February  I'ititi)  and  on  3  duly  I'lOO  (after  its  return  to  Hocketdyne) 
are  compared  as  follows: 
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16  February  lyOO 

3  July  1060 
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00.6 

<0.  r> 
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These  results  indicate  that  there  were  no  significant  composition 
changes  in  the  t 'IF.  during  the  16. 5  month  storage  in  the  particular 
shipping  cylinder.  As  noted  previously,  the  slight  differences  in 
the  analytical  results  ore  a  result  of  improvements  in  the  analytical 
technique  since  the  initial  analysis  was  conducted. 
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